saprophytic spirochates and of that of the viPuses of rabies and poliomyelitis, and finally on the relation of Treponema pallidum to the socalled parasyphilitic conditions. The point of resemblance that I find to exist between these subjects is that none of these organisms have been hitherto successfully cultivated. In order to overcome this obstacle it was necessary to work out certain specialized techniques of cultivation. The only justification for bringing in the subject of syphilis and parasyphilis in this connexion is the fact that the demonstration of Treponema pallidum in general paralysis and tabes was an incident in the cultural studies of the organism of syphilis, and it seems to me not unpardonable to dwell upon this particular subject, towards the aetiological solution of which Gowers, Mott, Head, Robertson, and other workers in this country have contributed so largely.
Before entering on the individual topics a few general remarks on the cultivation of these micro-organisms may not be amiss. The task of cultivating spirochates, especially the pathogenic varieties invading the tissues and blood, was a problem of long standing, and the undisputed proof of this achievement having been definitely effected was not forthcoming until 1911-12, when not only Treponema pallidum, of syphilis and Treponema pertenue of yaws, but also the well-known blood spirochaetes of the relapsing fevers (Spirochata obermeieri), tick fever (Spirochata duttoni and Spirochwta kochi), and of fowl spirochoetosis (Spirochata gallinarum), together with several species of a saprophytic nature, were obtained in pure cultures.' A lesson was learned from these findings, namely, that the micro-organisms which had hitherto proved resistant to artificial cultivation could be made to continue multiplying for an indefinite period of time outside of the animal body under a suitable combination of cultural conditions. It was also shown that success in the cultivation of this class of organisms is often inconstant, and that much patience and experience are necessary to bring *about the desired result. Not infrequently a sudden and sometimes an early loss of virulence was noticed to occur in the organisms under cultivation. Luckily the characteristic morphology of spirochetes renders the identification of the culture possible, even if the latter should alter as regards its pathogenic property.
From what has been said it is easy to assume that the possibility exists of working out various combinations of conditions suitable for For the chronological and technical details of the cultivation of these spirochaetes I refer the reader to the bibliography appended.
The Royal Society of Medicine obtaining a culture of some of the infective agents whose existence has been recognized only through their pathogenic behaviour in man and animals. To this class belong the viruses of rabies, poliomyelitis, hogcholera, variola, vaccinia, various contagious exanthemata, yellow fever, &c., most of which are known as filter-passers. It seemed opportune to make a fresh attempt with specialized methods after we had learned that spirochaetes, once so difficult to grow, are now amenable to cultivation.
The advantages which are offered by the pure culture of a given micro-organismn in studying its biologic and morphologic characteristics need not be emphasized. But one is apt to overlook a peculiar alteration which a pure culture may present in the case of certain microorganisms. I refer to the peculiar morphological modifications which some protozoan organisms are apt to undergo-for example, the rosette formation of trypanosomes or the assumption of the flagellate form of a Leishmania in artificial cultures. Nor should we overlook a possibility of encountering certain unfamiliar forms in a culture when dealing with organisms whose biological and morphological features in natural habit are only imperfectly understood. As* an example of the latter phenomenon I wish to refer to the granular forms of spirocheetes. Leishman, Balfour, Nuttall, Hindle, and others have pointed out the presence of such forms in the infected blood or in the body of ticks infected with Spirochata duttoni as well as Spirochata gallinarum, and I myself was able to demonstrate similar granules in the pure cultures of Treponema pallidun. This phenomenon, however insignificant it may appear in itself, was destined to furnish a key to one of the most disputed problems of the past fifty years-namely, the problem of so-called parasyphilis, since it was this very idea that prompted me to undertake the search for Treponema pallidum in one form or another in the brains of general paralytics and in the spinal cord from cases of tabes dorsalis.
According to the view I now hold, spirochetes may be classified into three groups according to the conditions under which they can be cultivated on artificial media. Thus (1) the spirochmtes which chiefly invade the various tissues require the presence of fresh animal tissue as well as of suitable nutritive substances and strict anaerobiosis. (2) The blood-residing varieties, like the first group, also require the presence of fresh animal tissue and suitable nutritive substances, but they cannot grow unless a minute quantity of oxygen is provided. (3) The saprophytic varieties resemble the first group in most respects, but the presence of fresh animal tissue is not essential for their growth, and 6 Noguchi: Recent Advances in Field of Microbiology their adaptation to artificial media is comparatively much easier. To the first group belong Treponema pallidum and Treponema pertenue; to the second, Spirocha3ta duttoni, Spirochawta kochi, Spirochaeta obermeieri, Spirochweta novyi, and Spirochaeta gallinarum; and to the third, Treponema macrodentium, Treponemia microdentium, Treponema mucosum, Treponema calligyrum, Spirochaeta refringens, Spirochaeta buccalis, Spirochata vincenti, Spirochawta phagedenis, &c. I shall omit the descriptions of these organisms, but will refer to the cultures exhibited here this evening.
Referring to the viruses of rabies and poliomyelitis, I wish to say that the cultural conditions required by them are found to resemble closely those necessary for the growth of the pathogenic spirochaetes (including the first and second groups). They are likewise extremely fastidious as regards the sources and composition of the culture media.
I shall now present in detail (1) a review of the cultivation of Treponema pallidum;
(2) an account of the experiments in connexion with the cultivation of the virus of rabies; and (3) the cetiology of so-called parasyphilitic conditions. (I) THE CULTIVATION OF TREPONEMA PALLIDUM. Since Schereschewsky, in 1909 , announced that he had succeeded in cultivating from human syphilitic tissues certain spirochaetes in an impure state, believed by him to be Treponema pallidurn, there have appeared a number of contributions on the same subject from various sources. Up to the present date we count at least ten investigators who claim to have obtained pure cultures of Treponema pallidum-Miihlens, W. H. Hoffmann, Noguchi, Sowade, Arnheim, Tomasczewski, Shmamine, Nakano and Baeslack, and very recently also Schereschewsky, and three others who obtained only impure growths-namely, Bruckner, Galasesco, and Boas.
The culture media employed by the different investigators may be divided into three main groups, namely-(a) solidified serum of horse or other animals (Schereschewsky, Muihlens, W. H. Hoffinann, Tomasczewski, Sowade, Nakano, Shmamine, Bruckner. and Galasesco and Boas); (b) serunm-water with fresh animal tissue' (Noguchi) ; and (c) ascites-agar with fresh animal tissue (Noguchi) . Of those who employed Schereschewsky's medium, Shmamine modified it by adding a small amount of sodium nucleinieum and Nakano, peptone-agar. I The sources of the materials were various. Thus, Schereschewsky, Sowade, Tomasezewski, Arnheim, Bruckner and Galasesco employed exclusively or mainly human syphilitic tissues; while Miihlens, Hoffmann, Shmamine, Nakano, and especially Noguchi, experimented with the human as well as rabbit's syphilitic tissues. It is important, however, to notice that Miihlens and others reported one success from rabbit strains, while Noguchi obtained six pure strains from ten different sources.
Cultivations were carried out by all except Noguchi without strict anaerobic precaution. Thus it is evident that the strains of spiroch8etes cultivated by the former investigators are able to multiply and maintain their existence for many generations in a semi-coagulated horse serum. The spirocheta isolated by Noguchi differed from theirs in not being able to exist without the fresh tissue constituent as well as the complete exclusion of oxygen.
Noguchi made the distinction that his serum-water tissue method is exclusively for the cultivation of rabbit's strains in testicular lesions, while the ascitic agar tissue medium is suitable only for the impure materials derived from human syphilitic tissues. He found that the human strain cannot be cultivated in the first mentioned medium and the rabbit strain does not develop in the first generation in ascitic agar tissue, or in any other medium so far known (including Schereschewsky's medium with or without addition of fresh sterile tissue). This fact has been confirmed by Tomasezewski.
As regards the morphology of the spirochwtes cultivated by different investigators, they admit that the cultures contained both fine and coarser forms, especially when derived from human sources. Schereschewsky, as well as Miihlens, Shmamine and others, noticed this fact. Miihlens believed that the two forms are different varieties, while Schereschewsky and Shmamine considered them to be one and the same variety developing under different conditions. Noguchi endorsed the view held by Miihlens.
The first successful production of syphilitic lesions in animals by means of pure cultures was reported by , who, using two strains derived from the rabbit's syphiloma in testicles, caused typical testicular lesions in several rabbits; next by Hoffmann (1911) , Sowade, Shmamite (1912) , and Nakano (1912) , while Bruckner and Galasesco in 1910 reported one success in the rabbit by means of their impure material (third generation). Tomasezewski (1912) , as well as Sowade (1911) , also succeeded in infecting rabbits with their impure cultures derived from human materials. Moreover, Noguchi (1912) produced typical sclerotic skin lesions on the eyebrows of several monkeys (Macacus and Cercopithecus) by means of pure cultures derived from human syphilitic tissues. The virulence of this organism disappeared in about four months after cultivation, while the other biological properties remained, according to Noguchi, unmodified even after nearly three years.
Fundamental discrepancies exist regarding the biological properties of the organism cultivated on the one hand by Miihlens and Hoffmann and on the other by Noguchi. That of the former produced a putrefactive odour and multiplied not only in horse serum agar almost up to the surface, but also in plain agar and bouillon for some generations in presence of oxygen, while that of Noguchi grows only under strictly anaerobic conditions in presence of fresh sterile tissue and never produces a disagreeable odour. In spite of prolonged artificial cultivation Noguchi's spirochamtes do not grow in Schereschewsky's horse serum, in plain agar or in bouillon. These differences were pointed out by Noguchi in his first publication. Later he demonstrated that certain mouth spirochaetes (Treponemna microdentium, Treponema mucosum) presented in pure culture morphological features indistinguishable from Treponema pallidum, but produce a characteristic putrefactive odour accompanied with alteration of the culture media, not unlike that described for the organism of Miihlens and Hoffmann. Tomasczewski, Arnheim, Shmamine, and Nakano noticed no odour in their pallidum cultures. The culture of Miihlens, which was devoid of pathogenicity from the beginning, and that of Hoffmann are quite different from those of. Noguchi and the later. investigators. At least it is not improbable, as pointed out by E. Hoffmann, that the successful production of syphilitic orchitis in a rabbit by W. H. Hoffmann may have been due to the use of an impure culture of the pallidum containing a foreign odour-producing spirocheta or some other organism.
The recent studies of Noguchi on Treponema calligyrum, a species occupying an intermediary position between the pallidum and the refringens, found in non-luetic lesions of human genital regions, also indicates the difficulty of identifying a spirochaeta' resembling the pallidum in cultures derived directly from human syphilitic tissues. The calligyrum grows much more readily in several mnedia (including the horse serum and serum agar without fresh tissue) and can easily be mistaken for pallidum. The calligyrumn grows like the pallidun and produces no odour or alteration of the media. It differs by lacking at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from pathogenicity and by appearing in non-specific lesions, and also is slightly coarser. The non-pathogenic spirochates that are readily cultivated in ordinary serum-agar or coagulated serum belong to this group, although the pallidum may possibly grow symbiotically in association with the calligyrumi. In such an instance the culture might be pathogenic but not pure. For this reason Noguchi considers it absolutely essential, in order to obtain a pure strain of pallidumn, that pure material, such as represented by the syphiloma of rabbit's testicles, be utilized for the purpose of cultivation. In a culture in which the pallidum is associated with the calligyrumn, refringens, microdentium, or mucosurn, it is easy to eliminate the palliduni in future culture generations by withdrawing the addition of the fresh tissue and neglecting strict anaerobic precautions, but the reverse cannot be accomplished.
Stress has been placed upon the antigenic property of the cultivated spirochates in relation to the Wassermann reaction by certain investigators, but confusion of this reaction with that of a true antigen antibody reaction is to be avoided. An emulsion of rabbit's testicle rich in pallidum, or a pure culture of pallidum, does not bind complement with most of the sera from early cases of syphilis, although they give a positive reaction more frequently in latent or tertiary cases. In latent or tertiary cases the reaction is, according to Noguchi, specific, and can be sharply separated from the Wassermann reaction by parallel series of tests. The results are different when an alcoholic extract of the pallida contained in tissue or cultures is used, since they are now due to the lipoidal constituents from the tissue as well as culture mass. Under these circumstances they may parallel the Wassermann reaction.
The sera of rabbits highly immunized with the pure cultures of pallidurn contain specific agglutinins and complement-binding antibodies (Noguchi, Kolmer, Williams and Laubaugh, Nakano) , while the skin of the immunized animals shows a state of hypersensitiveness to the pallidum extract (Noguchi) . But From the above brief review, in which tecbnical details have been intentionally omitted, the following may be deduced:
The cultivation of Treponemta pallidum has undoubtedly been accomplished, but the methods available at present still give inconstant results. When impure cultures, from any human syphilitic material, are obtained, the proof of the pallidum is derived from successftl animal inoculation; when, however, no pathogenic power exists it is impossible to affirm the presence of the pallidum. Even when derived from human sources the cultures of spirochaetes cannot be established to be pure pallidurn cultures, because other morphologically similar spirochaetes may be present. What can be stated definitely is that the pure pallidum cultures do not cause putrefaction; and that any cultures containing pallidum-like spirochaetes, giving rise to odour and yet pathogenic, must be regarded as impure. Should putrefaction be caused, and the culture be non-pathogenic, there is no way to establish its pallidum nature.
From the foregoing I deduce the following:
The first strict proof of the pure cultivation of Treponema pallidum was brought forward in 1911 by myself. To accomplish this end a specially devised anaerobic method was employed. Later investigators have secured growths of a pathogenic pallidum by simpler methods of cultivation; but certain proof of all exclusion of allied saprophytic species has not, in my opinion, been produced by them.
(II) THE CULTIVATION OF THE VIRUS OF RABIES.
In my previous communications2 it was pointed out that the virus of rabies may be cultivated for many successive generations without losing its specific virulence when optimum conditions for its growth are provided, and that in such cultures one always finds a variable number of minute granular chromatin bodies as well as occasional pleomorphic elements. It was also stated that in very rare instances peculiar round or oval bodies, resembling a uninucleate organism, make their appear-A bibliography on this topic is appended.
The Royal Society of Medicine ance for a short time. This last phenomenon was observed only four times within eighteen months, during which period at least fifty series of attempts at cultivation of the virus were made. In order to emphasize the rarity of the phenomena it may be well to explain the extent of the work. Each series of experiments is carried out in twelve tubes, each containing a piece of fresh tissue and the virus, six control tubes provided with fresh non-rabic tissue, and one tube containing salt solution or bouillon as well as the virus. Of these tubes each set of Bodies with central dots found in film preparations of the brain of dogs which died of street virus. They represent some of the bodies described by Negri. Giemsa stain. (x 1,100.) four received the same specimen of ascitic fluid, of which there are three different specimens 1 to be tried. Each two tubes of the control set also receive one of the three different ascitic fluids in turn. After the distribution of the ascitic fluid (10 to 12 cm. deep) one-half of the tubes are covered with a layer of sterile paraffin oil, and then placed in the I If we want to try more specimens of ascitic fluids the number of the tubes must be increased accordingly, and vice versa.
The Royal Society of Medicine of the fluid is drawn from near the bottom with a sterile capillary pipette, and spread on a slide, air-dried, fixed in methyl alcohol for thirty to sixty minutes, and then stained with the diluted Giemsa solution (1 :10) for one to two hours, or sometimes overnight. Minute granular and pleomorphic chromatin bodies found in film preparations of the brain of rabbits wbich died of fixed virus. They can be stained by Giemsa's solution, but not always successfully. (x 1,100.) For the purpose of cultivation both an emulsion and a untriturated piece of the brain (rabbit, guinea-pig, or dog with rabies) were used, but as no success was obtained with the former the latter was used exclusively in the majority of experiments. In transferring the cultures The general plan of cultivation having been stated, I will now discuss the results which have been obtained. Out of fifty series (carried on until August, 1913), nine series were discarded on account of accidental bacterial contaminations. Of the remaining forty-one there was no w. .. , at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from growth whatever in twenty-two series, and these became non-virulent at the second or third generation, within fourteen to twenty-one days. The other nineteen series yielded more encouraging results. Of the latter, eleven pertained to the fixed virus and the cultures remained virulent seven times to the fourth generation (twenty-eight days, with resultant dilution 1: 160,000); three times to the fifth generation (thirty-five days, with resultant dilution 1: 3,200,000), and only once to the seventh generation (two months, with resultant dilution 1 1,280,000,000).
The eight other series 'pertained to the passage virus which lost its virulence in the generation between the third and sixth generations (within two months), except in one instance where the twenty-first generation (seven m~onths) still proved to be virulent. 'A few protocols of successful reproductions of rabies by means of the cultures may be introduced here:
PROTOCOL 11.
Culture from Passage Virus "IPoor A," fourteen days'old on its sixth generation. Dog, fox-terrier.-Angust 9, 1912 : 0'5 c.c. of the culture given intramuscularly. No symptoms until September1, when typical symptoms (paretic) appeared. September 4, 1912: The animal died in twenty-eight days. Histological examination: Negri bodies positive; perivascular infiltrations in the brain. Animal inoculations to a dog, rabbit and guinea-pig gave the following results:
(a) Dog, mongrel.-September 6,1912 : 4 c.c. of the brain emulsion given intramuscularly.
November 1, 1912: Became affected in the usual manner; the animal showed paretic symptoms forty-three days. November 4, 1912: Death took place in sixty-two days.
Histological examination: Negri bodies positive; marked perivascular infiltration. Cutlture from Fixed Virus "-Poor II," thirteen days old on its twenty-first generationt. The pathogenic property of the fixed virus does not seem to suffer any marked modification, since the cultures when used in sufficient quantities (O01 to 0 01 c.c.) killed the rabbits within six to eight days, while that of the passage virus cultures varied to some extent from the original, proving fatal in some instances as early as one week or sometimes as late as sixty-three days after the inoculation.
The fact of my not having been able to obtain a more uniform result is undoubtedly to be ascribed to the imperfect method of cultivation employed in the present work, and the chief defect of the method probably lies in the unsuitable quality of some of the ascitic fluids used. That this latter fact may constitute the most serious cause of failure was shown in the cultivation of different varieties of pathogenic blood spirochaetes and the virus of poliomyelitis.
The morphological elements found in these virulent cultures were, as reported elsewhere, minute granular and pleomorphic bodies not unlike those described by previous investigators (J. Koch, Babes, Proescher, &c.). In addition, peculiar uninucleate bodies of varying size were seen a few times. I have described them as of special significance, inasmuch as they were found only in virulent cultures and bear very close resemblance to the specific cell inclusions in the brains of animals which have succumbed to rabies. Throughout the studies on spirochfetes, vaccinia, poliomyelitis, hog-cholera, scarlatina, &c., for which similar culture media containing fresh tissues, ascitic fluids, nervous tissues, &c., are being used, I have never observed the bodies described here, although innumerable microscopical preparations of different cultures and controls which had not been inoculated with the virus of rabies had been examined day after day. It may not be out of place to show here a few photomicrographs of the morphological elements found in the virulent cultures of rabies and some cell inclusions (also outside of the nerve cells) found in the brains of the animals which succumbed to rabies.
The cultivation of the micro-organism of epidemic poliomyelitis at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from
The Royal Society of Medicine has been likewise accomplished by methods similar to those already described in the foregoing part of my paper. As reported in our previous articles,' we have isolated a minute, strictly anaerobic, globoid micro-organism from the materials derived both from the human and the experimental poliomyelitis (monkeys). Some of these minute globoid bodies are so small as to pass through the pores of Berkefeld filters N and V, and in one instance they remained virulent for the monkey after the twentieth generation in artificial media. On the other hand, we experienced a rapid and often a sudden attenuation of the virulence in many instances. Here, as in the cases of other strictly parasitic varieties of microbes which frustrated our previous efforts at cultivation, the success of the cultiv'ation is still extremely variable.
(III) THE AETIOLOGY OF THE SO-CALLED PARASYPHILITIC CONDITIONS.
While the statistics of various clinicians show that general paralysis and tab'es develop in persons who have suffered from syphilis, no conclusive evidence has hitherto existed to show that they are a true syphilitic affection. The cytological, biochemical and serological discoverie's have, however, made the intimate relation between syphilis and so-called parasyphilis more probable than ever, though not conclusive, because the demonstration of the causative agent of syphilis was not accomplished. Thus, we faced a paradoxical situation-namely, that in parasyphilis certain phenomena indicative of active syphilitic processes occurred without the syphilitic organism being demonstrated in the affected organ. The observations of Alzheimer, Mott, Nonne, Fournier, Regis, Krafft-Ebing and others on'the juvenile form of general paralysis and its close relationship to parental syphilis, along with the simultaneous existence of paretic and syphilitic lesions in certain cases reported by Zambaco, Westphal, L. Meyer, Binswanger, Hiibner, Striiussler, and others rendered the syphilitic nature of these conditions more probable.
Thus, it will be seen that 'the solution of the vexed question of the relation of syphilis and parasyphilis depended solely upon the finding of Treponema pallidum in the lesions. Much' time and labour have been devoted to this end by various investigators since the epoch-making discovery of Schaudinn and Hoffmann, but unsuccessfully.
In spite of these failures, in themselves discouraging, I was led by the observation that Treponema pallidum sometimes assumes a granular I Flexner and Noguchi (see bibliography). form in cultures to re-study sections of paretic brains stained for the pallidum. The search was made exhaustively, since I was determined to study all kinds of granular particles which could be identified with the granular forms of the pallidum as found in the cultures. After studying 69 out of 70 preparations a spirochaeta caught my eye-just at the moment when I was about to give up the search as hopeless, since I could not make up my mind as to whether the granules in the preparations were the granular forms of the pallidum or precipitates. One typical spirochaeta out of 70 preparations was, however, sufficient to compel me to go over all the sections repeatedly, with the result that typical pallida were demonstrated in 12 out of 70 cases. These findings were published in conjunction with Dr. J. W. Moore in February, 1913.
Immediately afterwards 130 more paralytic brains were studied, in which pallida were demonstrated in 36 additional cases of this series, thus giving positive findings in about 25 per cent. when both series were calculated together (48 in 200 cases). The dark-field illumination was employed with fresh brains in six instances, and in one of the six cases pallidumn was demonstrated. The use of the dark field is recommended whenever a fresh specimen of brain is to be examined, since it allows a rapid search for the pallidum over different localities of the specimen.
These results were soon confirmed by others. Thus, Marinesco and Minea reported one positive finding in 26 cases by the silver method; then Marie, Levaditi and Bankowoki three positive in 14 cases by the silver impregnation, all positive in six cases, which had died during fits, by means of Burri's " tusch " method, as well as the dark-field microscope; Forster and Tomasczewski, 19 positive in 25 cases in which the materials were taken out of the patients by means of Neisser-Pollak's punction and examined by means of dark-field illumination. Forster and Tomasczewski observed active movements of the organism. Vers6, Mott, Berger, Geber, Benedek and Tatar also reported positive findings.
The relation of the Treponema pallidum to the tissue elements of the affected brains may be stated briefly to be a progressive spirochastosis of the brain, affecting chiefly the cortical layers, and varying in dimension. and localization according to the stages of the disease. In spite of diffuse cellular infiltration the pallida have been demonstrated in the pia only a few times. The nerve cells are often seen to contain one or more spirochaetes, while the wall of blood-vessels is seldom seen to be invaded. The presence of the pallidum in the parenchyma may explain many of the histo-pathological alterations, as well as clinical manifestations observed in the -disease. The new formation of capillaries associated with increase in the supporting glia constituents and atrophy of the nervous elements, as well as the infiltration of the vessel walls, must be ascribed to the activities of the spirochaltes, although the intensity and character of the lesions may be modified through the existence of an anaphylactic state, as suggested by McIntosh and Fildes in a recent publication.
Treponenia pallidum has also been demonstrated in one of the twelve specimens of spinal cords from the cases of tabes, where it was FIG. 8 . Treponema pallidum in the cortical layers of the brain of a general paralytic. Stained by the silver impregnation of Levaditi (with slight modification.) (x 1,100.) found in a sparse number around the nerve cells near the posterior horn. A positive finding was reported also by Verse in two cases of tabes.
The biological properties of the Treponema pallidum found in general paralysis are of considerable interest. Those who mi-aintain the syphilitic theory of general paralysis aind tabes mostly-emphasize the benign character of the infection during the primary and secondary 'stages. They are inclined to think that the organism which later affects the central nervous system in some way has specific affinity for the latter.
The oft-quoted instances reported by Brosius, in which several glassblowers infected from the same source later developed either paresis, tabo-paresis, or cerebrospinal lues are familiar. Whether there is a virus nerveux among the pallidum strains is important from a practical standpoint, but up to date no exact investigation covering this point has been made. In order to determine, first, the infectiousness and then the properties of the spirochaeta found in the brains in general paralysis I have undertaken a series of experiments to transmit the spirochates directly from paretic brains to the rabbit. Thirty-six rabbits were inoculated with the emulsions of six different fresh specimens of paretic brains. Two of the six inoculated with the material derived from one of the cases developed, in the course of 97 and 102 days respectively, small but typical induration in the testicular parenchyma and scrotal skin. In the first instance the spirocha4tes were extremely few in number, while in the second they were present in abundance. The development of the lesions was unusually slow when compared with the transmissions made from usual chancres or secondary' lesions in this animal. In the latter instances the lesions appear usually within four to six weeks, seldom as late as .two months. The second generation of this strain (paresis) also gave rise to rather small and only slightly indurated lesions in one of four rabbits by testicular inoculation. The incubation period was again nearly three months. My experiments have thus been limited to a small number of brain specimens (six), but have nevertheless shown the infectiousness of the spirochates present in paretic brains, and hence established their virulence as low for the rabbit.
Nichols and Hough have also produced syphilitic keratitis in the rabbit by means of intratesticular ihoculation of the emulsion of a paretic brain. They have, however, failed to find the pallidum in the lesion, but the keratitis lesion was transmitted to a subsequent series of rabbits. Graves has reported success in producing not only keratitis but also skin papules in the prepuc. of rabbits by inoculating the blood of paretics. The data so far available do not permit us to draw any conclusions in regard to the existence of a strain specific for the central nervous system, but they determine the infectiousness of the organism found in general paralysis.' I Nichols has made a highly significant observation on a strain of Treponema pallidum transmitted from a case of " Neurorecidiv " to the rabbit (Nichols and Hough) , to the effect that it exhibits an unusual invasive property in rabbits. This characteristic is suspected by him to enable such a strain to establish itself more readily in the central nervous system, leading eventually to syphilis of these organs.
The cause of the long interval between the time of the primary syphilitic infection and the development of paretic symptoms-averaging eight to twelve years-is still unsolved. Between the latency and the pathogenesis of paresis there may be some definite relation. Why does cerebral or cerebrospinal lues appear much sooner than so-called parasyphilis? I am not aware of any satisfactory solution to this question. Regarding this I may quote briefly certain experimental results recently obtained. The central nervous system of monkeys and rabbits is highly refractory to the syphilitic infection, even when the virus is directly introduced into the cerebral substance. Most of the animals remain perfectly well for an indefinite period of time after the intracerebral inoculation of the pallidum. Probably these animals require a previous sensitization before the pallidurm can be made to infect the brains. For this reason I have treated animals with repeated intravenous inoculations of the killed and living pallidum during five months, and then after a recess of five months made an intracerebral inoculation of an emulsion of a subdural insertion of a minute wpiece of testicular syphiloma (rabbit) rich in the pallida. Twelve rabbits composed this series of experiments. Four normal (young) rabbits were similarly inoculated with the same materials on the same day and served as controls. All the animals remained apparently well for two months, when some of the sensitized animals became stuporous, inactive, emaciated, and showed a definite spasticity of the lower limbs and slight ataxia. The pupillar reactions were of no use for diagnosis, as they are normally often unequal in size and slow in responding to the light stimuli. The manifestations progressed steadily in the sensi, tized animals. They became unable to jump after three to five months. Their sera, originally giving negative Wassermann reactions, showed in some definite positive reactions. During the same period the control animals all remained active, except that some of them lost in weight. None showed a positive Wassermann reaction. The animals were sacrificed (under ether anesthesia) one after another within a period of from three to five months, in order to examine the brains. It is impossible here to describe the findings in detail, but I may simply state that among the brains of the .sensitized animals I found diffuse non-purulent exudative meningitis three times, a marked unilateral atrophy of the frontal lobes once, diffuse firmness of the cerebrum twice, and a few minute patches, about 2 by 2 mm., of yellow colour (plaque jaune) in the temporal region once. Dark-field examinations revealed no pallidum, but since the specimens were not extensively examined, in order to save them for histological studies, I attach no importance to this point. The sections stained by the silver impregnation showed in one brain numerous granules and a few well-defined spirochates. In others the pallidum could not be found. The sections from several animals stained with toluidin blue or haemotoxylin-eosin revealed a marked endothelial proliferation and perivascular infiltration not unlike specimens of cases of human paresis. In some localities glia cells were increased,' while most of the nerve cells appeared intact. The brains from the control animals revealed no changes in the capillary vessels, although in one instance a diffuse lymphocytosis throughout the cerebrum was observed. The above experiments are not without interest in the interpretation of the pathogenesis of general paresis, since they indicate that a previous sensitization renders the central nervous system of otherwise refractory animals vulnerable to the invasion of Treponema pallidum.
The actual presence of Treponema pallidum in the parenchymatous tissue df the central nervous system sufficiently explains the progressive and fatal nature of general paralysis. The inefficacy of the usual antisyphilitic treatment against this condition would be explained by the peculiar localization of the parasites in the affected organs. Owing to the introduction of salvarsan we have witnessed a distinct advance in the treatment of these cases of so-calle'd parasyphilitic conditions, but still greater benefit would accrue if we were to direct our main effort towards the prevention of the disease. By the term "prevention" I mean in this particular instance the checking of its occurrence before the pallidum invades the central nervous system. In the majority of cases the invasion of the pallidum takes place (or at least becomes evident) after a long period of latency (eight to twelve years from the time of syphilitic infection). This long interval would give ample opportunity for the physician to detect the presence of a hidden focus of infection, not so much through the subjective symptoms as through certain objective signs presented by the patient. Of these we to-day possess at least two different means of detection-the Wassermann reaction and the luetin reaction. As is well known, the former is positive in about 50 to 60 per cent. of cases of latent syphilis, while the latter is positive in about 80 to 90 per cent. of the same class of cases. Since these two reactions, which indicate two entirely different biological phenomena in syphilis, do not run parallel, the chances of discovering a latent case are enhanced by the application of both methods. Neither must we overlook the great importance of detecting the existence of latent syphilis in at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from any person, for the reason that paresis and tabes too often develop in individuals who had no knowledge of the existence of infection and who had remained in apparent good health until their central nervous system became affected. The value of an early detection of latent syphilis has become very much greater since we have been in a position to subdue it more effectually than was possible in the pre-salvarsan era.
I have stated that the allergic state of the skin as revealed by the luetin test is almost constantly present in latent syphilitics. On the other hand, this condition is by no means general in paretics and tabetics, being present in about 60 per cent. of these cases only. The reverse is true with the Wassermann reaction. What is the cause of this discrepancy? I am inclined to think that in some paretics the allergic state, which existed during the latent period, disappears as soon as the pallidum enters the brain and multiplies there unrestrainedly and uncontrolled by the body of the patient, thus resulting in a deanaphylactization. If this assumption is correct we should possess in the luetin reaction a means which may provide us with a clue as to the probable effect of treatment that may be expected in each instance. At all events a careful study of the relation of the skin allergy to the clinical aspects and the serological as well as biochemical conditions of the blood and spinal fluid in general paralysis and tabes would be highly desirable. 0 Syphilis-an inheritable, infectious disease-was known to pervade every branch of medicine, and through recent revelations it has definitely claimed the great chapter of parasyphilis in psychiatry. The stamping out of this scourge requires not only the most vigilant medical measures, but als'o the conscientious co-operation of the general public, who can only become aroused to the perils involved by means of a more adequate system of instruction.
